Objective: To evaluate the effect of a previously validated electronic health record-based child abuse trigger system on physician compliance with clinical guidelines for evaluation of physical abuse. Methods: A randomized controlled trial (RCT) with comparison to a preintervention group was performed. RCTexperimental subjects' providers received alerts with a direct link to a physical abuse-specific order set. RCTcontrol subjects' providers had no alerts, but could manually search for the order set. Preintervention subjects' providers had neither alerts nor access to the order set. Compliance with clinical guidelines was calculated. Results: Ninety-nine preintervention subjects and 130 RCT subjects (73 RCT-experimental and 57 RCT-control) met criteria to undergo a physical abuse evaluation. Full compliance with clinical guidelines was 84% preintervention, 86% in RCT-control group, and 89% in RCT-experimental group. The physical abuse order set was used 43 times during the 7-month RCT. When the abuse order set was used, full compliance was 100%. The proportion of cases in which there was partial compliance decreased from 10% to 3% once the order set became available (P ¼ .04). Male gender, having >10 years of experience and completion of a pediatric emergency medicine fellowship were associated with increased compliance. Discussion/Conclusion: A child abuse clinical decision support system comprised of a trigger system, alerts and a physical abuse order set was quickly accepted into clinical practice. Use of the physical abuse order set always resulted in full compliance with clinical guidelines. Given the high baseline compliance at our site, evaluation of this alert system in hospitals with lower baseline compliance rates will be more valuable in assessing the efficacy in adherence to clinical guidelines for the evaluation of suspected child abuse.
INTRODUCTION
Child maltreatment is a leading cause of death and disability in children. In the United States, over 3 million reports are made to Child Protective Services and almost 1600 children die annually due to maltreatment; this is almost 4 times the number of annual deaths from pediatric cancer. 1 Failure to recognize abuse in its less severe forms may result in repeated abuse and increase morbidity and mortality. [2] [3] [4] [5] [6] A significant proportion of children with abusive injuries has been previously evaluated by a physician who did not recog-nize the abuse. [2] [3] [4] [5] [6] [7] [8] In light of this, we wondered how the electronic health record (EHR) might be used to alert a clinician to consider abuse who might otherwise not recognize occult signs of child abuse. Specifically, we sought to develop an alert in the EHR that would prompt a clinician to review evidence-based guidelines or use a prescribed order set, or both, to investigate for possible abuse. The American Academy of Pediatrics (AAP) developed evidencebased guidelines related to which children should be screened for physical abuse and with which tests. [9] [10] [11] Despite these guidelines, physicians do not consistently screen for physical abuse even in high-risk situations. 12, 13 Studies have shown disparities in screening practices related to patient characteristics 2, [12] [13] [14] [15] [16] [17] [18] : non-white children with public insurance are more likely to be screened than white children with private insurance. However, when white children with private insurance do undergo screening, they are more likely to be diagnosed with physical abuse suggesting physician screening bias. 13 We have previously reported on the development and validation of a trigger system which is embedded in the EHR to assist providers in identifying children with physical abuse. 19 There are 30 different triggers which incorporate information from nursing documentation such as prearrival information, chief complaint and dermatologic examination, physician documentation such as orders for consultations and discharge instructions and patient age. The 30 triggers are outlined in Table 1 of the previous publication. 19 The current study was designed to determine whether this trigger system combined with provider alerts and a physical abuse order set would improve compliance with AAP guidelines for evaluation of children under 2 years-of-age with suspected physical abuse in 5 clinical scenarios (Table 1) , and whether compliance was related to patient and/or physician characteristics. The combination of the trigger system, provider alerts, and order set will be referred to as the child abuse clinical decision support system (CA-CDSS).
METHODS
The protocol was approved by the Institutional Review Board of the University of Pittsburgh with a waiver of informed consent.
Setting
The study took place at Children's Hospital of Pittsburgh (CHP) of the University of Pittsburgh Medical Center. CHP is a level 1 trauma center. Cerner Millennium V R (Cerner Corporation, Kansas City, MO, USA) is the EHR used in the CHP emergency department (ED). There are approximately 80 000 ED visits per year at CHP.
Inclusion and Exclusion Criteria
Subjects were defined as children <2 years old who were evaluated in the CHP ED and triggered the previously-designed trigger system. There were no exclusion criteria.
Preintervention Group
From October 21, 2014 to April 6, 2015, the CA-CDSS ran in "silent mode." During "silent mode," research staff could see who would receive alerts if the system were live, but providers did not see the alerts so there was no impact on clinical care. The silent mode/preintervention group was used to calculate the accuracy of the CA-CDSS and assess preintervention compliance as described previously. 19 
Randomized Controlled Trial
The randomized controlled trial (RCT) ran April 8, 2015 to November 10, 2015. Randomization was at the level of the ED visit and was done based on a specific digit in the subject's encounter number. When the CA-CDSS triggered on a given visit, a visual alert appeared on the EHR tracking board, a "positive physical abuse screen" communication order instructed the nurse to undress the patient and measure head circumference ( Figure 1A ) and the physician or advanced practice provider (APP) received a pop-up to alert them to the possibility of abuse ( Figure 1B) . The pop-up required that the provider select one of 3 options-"yes," "not now," or "no, never." "Yes" linked them directly to the child abuse order set, "not now" resulted in the alert appearing the next time the chart was opened and "no, never" extinguished the alert for all providers. The alert could occur when the chart was opened, an order was placed or at discharge.
For visits which were randomized to be a control, none of the above occurred, but the physician/APP could access the physical abuse order set by searching for it in the Cerner order catalog. The search option was provided because it was felt to be unethical to not allow access.
Order Set
The ED physical abuse order set includes subphases for each clinical scenario in which providers should evaluate for physical abuse ( Figure 1C, 1D , and 1E). Within each subphase, tests recommended by the AAP and by the trauma service at our level I trauma center are prechecked. Tests which are only required in some situations are preceded by a note which describes the circumstance under which they are recommended. The order set is specific to the ED physical 
Patient Specific Data
The following data were downloaded directly from the EHR for each ED visit which triggered the CA-CDSS: chief complaint, age, race, gender, insurance (private, public, no insurance), the trigger which activated the alert system, and whether an order set was used. "Public insurance" and "no insurance" were grouped for analysis. Race was assigned by the registrar using a drop-down menu and analyzed as a dichotomous variable (Caucasian, not Caucasian).
Physician Demographics
Race, gender, type of training (e.g., general pediatric trained, current fellow, pediatric emergency medicine fellowship trained), and the number of years in practice since completion of residency were collected for all ED attendings and fellows. Attending and fellow demographics were used because attendings and fellows, rather than residents and APPs, dictate the evaluation for any given patient.
Outcome Measures
Each ED record was reviewed to evaluate for 3 measures: whether it was reasonable for the physician/APP to be concerned about physical abuse as defined previously, 19 whether the child's injury fit into one of the clinical scenarios being evaluated (Table 1) , and whether the provider was compliant with AAP guidelines. The clinical scenarios being evaluated represent only a subset of the situations in which it would be reasonable for a physician to evaluate for abuse. The scenarios in which it would be reasonable for a physician to evaluate for abuse are outlined in Table 2 of our previous publication. 19 We were only able to evaluate compliance with AAP guidelines for the clinical scenarios; the AAP has not made specific recommendations about the need for the evaluation and/or the appropriate components of an evaluation in these other scenarios. For example, while it would be reasonable and appropriate for an infant who has been involved in an episode of intimate partner violence to undergo a skeletal survey, not every physician would do so and the AAP does not have specific recommendations about whether a skeletal survey alone or a skeletal survey plus neuroimaging and/or blood work is appropriate. Compliance with AAP guidelines was assessed as "fully compliant" "partially compliant," "not compliant" or "met clinical scenario but clinical judgment made evaluation unnecessary." "Fully compliant" was defined as completing a skeletal survey, complete blood count/ platelets, and liver function tests, "partially compliant" was defined as completing either a skeletal survey or bloodwork and "not compliant" was defined as completing neither. "Met scenario but clinical judgment made evaluation unnecessary" was used in the following circumstances: if the injury occurred in a public place and/or was witnessed by a disinterested adult, if the infant was cruising or walking and had a tod- The main ED Physical Abuse Order Set/Power Plan screen that a provider sees when they select "yes" from the pop-up alert or when searching for the order set in the order catalog. Providers need to check the relevant box next to the subphase in order to get the complete order set for that injury. The darker highlighting reflects 3 sections of the order set-single injuries concerning for abuse, injuries which are concerning for abuse, but not included in the list above and multiple injury types. (D) The "Bruise/petechiae in a child who is not yet cruising" subphase of the order set. Some of the orders are prechecked and some orders have instructional notes. (E) The "Fracture in a child who is not yet cruising" subphase of the order set.
was under 1 year-of -age with a fracture) or if the infant had a preexisting diagnosis (e.g., hemophilia) which would clearly explain the injury. Subjects in this group were not included in the denominator for the purposes of calculating compliance. Although the AAP recommends other bloodwork, such as calcium and phosphorus, in certain scenarios (Table 1) , we did not include these tests in the assessment of compliance since their completion is not required in all cases.
Statistical Analysis
Patient and physician demographics were evaluated using descriptive statistics. Compliance was compared between RCT experimental and control visits and between the preintervention and RCT visits. All analyses were performed at the level of visit.
Power Calculation
The power calculation assumed a preintervention compliance rate of 70% with the AAP guidelines, a compliance which approximated the median compliance among 40 pediatric hospitals evaluated by Wood and colleagues 13 in their evaluation of the variability of screening for occult injuries among infants with non-motor vehicle associated intracranial hemorrhage and femur fractures. Assuming this compliance rate, a sample size of 112 (56 RCT-experimental, 56 RCT-control) was needed to detect an increase in screening compliance to 90% with 80% power and a one-sided type I error rate of 0.05.
RESULTS

Patient Demographics
A total of 226 ED visits triggered during the pre-intervention period and 306 triggered during the RCT: 147 experimental and 159 control ( Figure 2 ). There were 499 unique patients who triggered for the 532 visits. Overall, the mean (SD) age was 8.7(6.3) months with 66% Caucasian and 56% male; there was no difference between the preintervention and RCT or between groups within the RCT. Ninety-nine (44%) preintervention subjects and 130 (42%) of RCT subjects (73 experimental and 57 control) met criteria to undergo a physical abuse evaluation. In the RCT-experimental group, the alert occurred at the time the chart was opened in 61% of subjects, at the time an order was placed in 36% of subjects and at discharge in 3% of subjects.
Six percent (n ¼ 33) of the 532 visits involved duplicate subjects-15 subjects had 2 visits and 1 had 3. All the duplicate visits were within in the same period (e.g., no child had 1 visit during the preintervention period and another during the RCT): 8 of the visits were during the preintervention period and the remainder were during the RCT. The visits were related to each other (e.g., first visit for a fracture with second visit for cast change related to the fracture) 50% of the time.
Physician Demographics
Forty-two physicians and APPs evaluated all the subjects; 74% were female, 71% had <10 years of experience (defined as years since the completion of residency), 83% were white and 57% had completed 
Compliance with AAP Guidelines
Providers were fully compliant with AAP guidelines 85% of the time in the preintervention cohort, 86% of the time in the RCT-control group and 89% of the time in the RCT-experimental group. The proportion of visits in which the provider was partially compliant decreased during the RCT [10% (10/99) preintervention vs 3% (4/130) RCT-control þ RCT-experimental, P ¼ 0.04] ( Table 2) .
Relationship Between Patient and Physician Demographics and Compliance
In all groups (preintervention, RCT-experimental and RCTcontrol), physicians were more likely to be compliant when patients had public insurance (P ¼ .02). Physicians with >10 years of experience were more likely to be compliant (P ¼ .01) as were male physicians (P ¼ .04) and physicians who were pediatric emergency medicine fellowship trained (P < .00). There was no relationship between other physician demographics (race, gender), patient race, and compliance with AAP guidelines (P ¼ .98). Thirty-one percent (13/42) of physicians had at least 1 incident of noncompliance. Three physicians had more than 1 incident of non-compliance: 1 physician had a 50% (4/8) noncompliance rate, 1 had a 40% (2/5) noncompliance rate, and 1 had a 16% (2/12) noncompliance rate. All 3 of these providers were female. Two were general pediatrics trained and 1 had completed a pediatric emergency medicine fellowship; 1 had 4 years of experience, and the 2 others had 6 years of experience.
Abuse Evaluations Among Children in Whom It was Reasonable to be Concerned About Abuse, but Who did not Meet a Clinical Scenario
A total of 90 subjects in whom it was reasonable to be concerned about abuse, but who did not meet a clinical scenario underwent a skeletal survey. This proportion of subjects did not change over time; 49% (34/69) in the preintervention group, 51% (23/45) in the RCT-experimental group, and 50% (33/66) in the RCT-control group.
Use of the physical abuse order set
Physical abuse order sets were used in 43 patient encounters. There was no significant difference in order set use between the RCT groups even though providers of children in the RCT-control group had to search in the order catalog for the order set (27/85 RCTexperimental vs 16/72 RCT-control, P ¼ .31). In every case in which the order set was used, the provider was fully compliant with the AAP guidelines; in no cases were they partially compliant.
DISCUSSION
This is the first study to evaluate the use of an EHR-based CA-CDSS. While we did not see a difference in the compliance with AAP guidelines before and after the CA-CDSS went live, this was likely due to high baseline compliance, group contamination, and rapid adoption of the physical abuse order set. We did, however, demonstrate a decrease in partial compliance with AAP guidelines and rapid uptake of the physical abuse order set. The fact that providers whose patients were randomized to control group searched for the physical abuse order set demonstrates that they felt it was helpful. The ability to use the EHR to identify and provide CDS related to the evaluation of suspected physical abuse has important implications for protection of this particularly vulnerable population. While there have been other efforts to improve detection of child abuse in the ED setting [20] [21] [22] these approaches have been paper-based and dependent on appropriate responses to screening questions and/or ongoing education of ED staff. The advantages of an EHR-embedded CA-CDSS are that it triggers based on data entered into the EHR rather than relying on a provider to complete a screening tool, it automatically alerts the provider to the concern, and it provides specific guidance about what to do rather than simply making the provider aware of the concern. Since 96% of US hospitals use an EHR 23 and the Centers for Medicaid and Medicare Services now mandate that hospitals screen children for child abuse, 24 use of an EHR-based CA-CDSS may become part of clinical practice over the next decade. One of the most significant barriers in bringing new CDS to clinical use is encouraging physicians to adopt it. [25] [26] [27] [28] The fact that physicians caring for subjects randomized to the RCT-control group searched for the order set in the order catalog strongly suggests that they felt that it was useful. The decrease in the proportion of patients with a partially compliant evaluation from 10% to 3% after the order set is encouraging. While only 42% of the RCT subjects met 1 of the 5 clinical scenarios being evaluated, the triggering of the CA-CDSS was appropriate in 85% of cases (e.g., false positive rate was only 15%). While subjects who met 1 of the 5 clinical scenarios are just a subset of all the situations in which it would be appropriate for a physician to evaluate for physical abuse, the AAP has not made specific recommendations about these other scenarios, and there is no consensus about the need for evaluation or the necessary components of an evaluation. When we designed this study, we did not want there to be controversy about whether an abuse evaluation was appropriate in each situation or what that evaluation should entail. Rather, we wanted to focus on the CA-CDSS itself. For this reason, we chose 5 narrowly focused clinical scenarios for which there were specific guidelines from the AAP. The fact that half of the subjects in whom it was reasonable to be concerned about abuse but who did not meet a clinical scenario metric underwent a skeletal survey compared with over 80% of the children who met a metric demonstrates the lower level of consensus in subjects who did not meet a clinical scenario.
The association of patient insurance with compliance was not unexpected and is consistent with prior literature. 2, 13 Similarly, the association between increased compliance and pediatric emergency medicine fellowship training is consistent with our hypothesis that pediatric-trained physicians are more likely to follow AAP guidelines for the clinical scenarios. It also suggests that a CA-CDSS could be particularly useful in EDs in which the providers are not pediatric trained, and; therefore, baseline compliance is likely to be lower.
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The data also suggests that targeted education to the few physicians with more than one incident of noncompliance could have a significant effect on overall compliance. The decrease in partial compliance and several positive anecdotal outcomes including positive feedback from the providers led to the decision to integrate the CA-CDSS as part of clinical practice at our institution. The qualitative positive outcomes included the fact that the CA-CDSS served as a teaching tool for the over 400 residents who rotate through our ED each year by making them aware of the possibility of child abuse in cases in which they might not have considered it. Once the CA-CDSS was live, physicians and APPs became aware that many residents considered the possibility of abuse and even started the evaluation prior to being precepted.
Since our analysis occurred at the level of the attending physician, we were not able to capture resident data. The use of the order sets also eliminated a second blood draw for many infants since blood for tests, such as vitamin D, calcium, magnesium, and phosphorus, were completed in the ED when blood for a complete blood count/ platelets and liver function tests was collected.
Limitations
There were 3 important limitations which likely led to the lack of a difference in compliance with AAP guidelines before and after the CA-CDSS went live: high baseline compliance, group contamination, and rapid adoption of the physical abuse order set. The original sample size calculation performed before the start of the study assumed a baseline compliance rate of 70% based on the data from Wood and colleagues 13 as described previously. Ideally, we would have known our own baseline compliance rate prior to the start of the RCT, but because of issues with downloading the data and the time associated with assessing compliance in each case, the compliance during the preintervention period was calculated during the RCT. Once the baseline compliance rate of 84% was calculated, a repeat power calculation demonstrated that 830 subjects (415 control, 415 experimental) would be needed to obtain the same power and type I error rate. Extending the study period was not an option both because of funding restrictions, but also because the likelihood of detecting group differences would likely have decreased due to group contamination, discussed below. Group contamination was related to the use of patient-level randomization. Patient-level randomization meant that the same physician could receive an alert on 1 patient but not another with the same injury within the same clinical shift. Physician-level randomization was not possible because multiple physicians care for each patient and the attending physician often does not get linked to a patient until after the alert system is triggered, and the chart is opened for the first time. Thus, randomization needed to occur at the time of patient registration. Not surprisingly, since subjects were randomized to experimental vs control, there was significant contamination: 79% (33/42) of the providers saw subjects in both the RCT-experimental group and 1 of the control groups (RCT-control and preintervention) and 93% of all encounters were by providers who saw subjects in both the intervention and control groups.
Performing the study at two completely different sites which did not have any overlap in providers was one possible solution to decrease or eliminate contamination, but this was not possible due to the resources needed to customize and re-code the CA-CDSS at the second hospital. Even in this scenario, there would still be issues related to differences in institutional cultures and/or secular trends.
The possibility of contamination affecting the outcome was considered at the time the study was designed. However, given that one of the most significant barriers in bringing new CDS to clinical use is encouraging physicians to adopt it, [25] [26] [27] [28] we inappropriately predicted that a 7-month study period would not be long enough for contamination to be an important limitation.
CONCLUSION
A CA-CDSS, comprised of a trigger system, alerts, and an ED physical abuse order set, was quickly accepted into clinical practice at a tertiary care pediatric hospital. There was no increase in compliance with AAP guidelines for evaluation of physical abuse, although this is likely due to the unexpectedly high baseline compliance rate, group contamination and rapid uptake of the physical abuse order set. We saw a decrease in partial compliance with guidelines when the order set was used; there was full compliance with clinical guidelines in every case in which the physical abuse order set was used. As pediatricians with frequent encounters with children who may be victims of abuse, providers had high baseline compliance, but still showed improvement and demonstrated rapid and pervasive adoption of the physical abuse order set. This suggests that even for physicians with a high level of compliance, they are eager and willing to accept CDS. In a different environment, such as a nonpediatric ED, where the providers have limited experience identifying and evaluating suspected child abuse, the initial compliance will likely be much lower, and; therefore, there will be much more room for improvement. The CA-CDSS should be evaluated in non-pediatric hospitals with lower baseline compliance with AAP guidelines to better assess its efficacy in potentially decreasing morbidity and mortality from child physical abuse. 
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